Sheet conductance
The sheet resistance, Rtot, of the Ru capped samples are measured by the standard four probe method. As can be seen from Fig. S1 , the sheet conductance (1/Rtot) shows an overall linear correlation with Ru thickness, which suggests that the Ru layer is continuous in our films. 
Perpendicular anisotropy
With an external magnetic field, the equilibrium direction of the magnetization can be described as
0
( 1) where , , , and are the external magnetic field, magnetization direction, external magnetic field direction, and perpendicular magnetic anisotropy field, respectively. As the 
Pinning field
In perpendicular magnetized multilayers, the magnetic reversal, either by external magnetic field or SOT, is generally via domain nucleation and expansion processes [25, 40, 41] . Thus the pinning field is of essential importance in SOT driven magnetic reversal.
To study the pinning field and magnetic reversal behavior in our samples, the anomalous Hall loops are measured at various directions. Fig. S4a shows the out-of-plane anomalous Hall loops. Fig. S4b shows the angular dependence of coercivity HC(θ). All the samples exhibit that HC(θ) increases when θ approaches 90°, which is as predicted by the domain wall depinning model [49] . Furthermore, the angular dependence of coercivity is fitted by HC(θ) = HP0/cosθ to obtain the average pinning field HP0. 
Saturation magnetization
The saturation magnetization (MS) of the samples is measured by the vibrating sample magnetometer (VSM). As shown in 
S2. Harmonic analysis of current induced spin-orbit effective magnetic fields
Current induced spin-orbit effective fields are evaluated by the harmonic measurements [17, 37, 38] . A sinusoidal ac current Iac with an amplitude of 3.5 mA at a frequency of 13.7 Hz is applied to the devices, the first and second harmonic Hall voltages 
S3. Rh capping samples
Rh has one more additional 4d electron compared to Ru. Thus, the Rh capping samples are also fabricated to study the influence of Rh on spin-orbit torques. The samples are in the structure of Si substrate with native oxide/2 MgO/4 Pt/0.4 Co/0.3 Ni/0.1 Co/tRh Rh/1.2 MgO/3 SiO2 (all thicknesses are in nm), where tRh is varied from 0 to 3 nm. The SOT induced magnetization switching, perpendicular anisotropy field, and current induced spin-orbit effective fields are measured for the Rh capping samples. As can be seen from 
S4. Cu capping samples
Cu is known to possess weak spin orbit coupling and small interfacial spin 
S5. Discussion of M S versus spin-orbit torques
With a charge current flowing in a heavy metal (HM) layer, HM exerts an effective magnetic field onto the magnetization of the adjacent magnetic layer. Based on the simple spin Hall effect model, the current induced effective field HL is [26, 38, 51] : e where θSH, MS, and tFM are the spin Hall angle, magnetization, and ferromagnet thickness, respectively. Equation (2) shows that HL is inversely proportional to MS. Figure S3a shows that the MS of the Ru capped samples changes noticeably. Moreover, MS becomes a minimum value at tRu = 0.6 nm where SOT displays a maximum value, which suggests that a change in MS could be a plausible reason for the modulation of SOT.
However, a change in MS is not likely to be the underlying origin of the observed SOT modulation. First, the modulation of SOT by Ru vanishes at tFM > 1.2 nm (Fig. 2c-e ),
while MS still shows a difference (Fig. S5b) . Second, the SOT modulation is not correlated with the MS change in the Rh series samples (Fig. S7 ).
S6. Field modulated ferromagnetic resonance measurements
Field-modulated ferromagnetic resonance (FM-FMR) measurements are performed in order to probe the modulation effect on the transverse spin current. A microwave power of 9 dBm is supplied from an Agilent E8257D microwave generator and sent through a coplanar waveguide between the poles of an electromagnet capable of generating a perpendicular magnetic field up to 1.8 T. The sample is placed faced down on top of the coplanar waveguide, absorbing the microwave power at resonance conditions.
To obtain the FMR signal, the microwave signal is measured by a 75VA50 Anritsu power Then, the spinor current at the top and bottom interfaces reads explicitly
is called the reflected mixing conductance and G
,ij
is the transmitted mixing conductance.
Drift-diffusion equation
The 
Analytical derivation
We now solve the drift-diffusion equations given above taking  T  0 (no spin Hall effect in the top layer) and assuming the boundary conditions Eqs. (5-6) and
In this way, one can obtain the interfacial spin currents from which one extracts the spin Hall torque. The derivation is summarized below.
To simplify the derivation, the spin current and chemical potential are written in the form .
In the top and bottom layers, the spin current and chemical potential read
Here, A ||,ip,op
are the constants to be determined. Applying the boundary conditionŝ In the bottom layer, we get To allow for an analytically tractable result, we neglect the imaginary part of the mixing conductance. In this case, we obtain where we define the unitless mixing conductances .
As a result, the interfacial spin currents read .
Spin Hall torque
The spin Hall torque is defined as the difference between the spin current at the two interfaces . Explicitly [54], so that terms at the second order in the transmitted mixing conductance can be neglected. Hence, the simplified expression for the torque reads
